We propose a route towards creating a photonic Chern insulator through homogenization with an array of gyromagnetic cylinders. The non-trivial band topology of such a system is independent of the lattice structure.
Since naturally occurring materials only provide a rather limited choices of susceptibilities, for the vast majority of works, one considers an inhomogeneous system consisting of an array of meta-atoms, and obtains its effective susceptibility. The corresponding effective medium is then defined through a homogenization procedure. Therefore, a question that is central to the development of topological metamaterial naturally arises: to what extent does the homogenization procedure preserve topological properties? Or in other words, for a given effective medium that has topological features, can one construct a physical system consisting of meta-atoms, which exhibits some of the nontrivial topological properties? This question, which is of central importance to the physical implementation of topological metamaterials, has not been addressed in previous literature on topological metamaterials and in fact is quite subtle. It is far from obvious, a priori, that the topology of a physical metamaterial system consisting of an array of sub-wavelength elements can be understood in terms of its effective medium. Naturally, an effective medium model works when the effective wavelength is much larger than the size of the unit cell. However, this condition is not satisfied at the Brillouin zone boundary, where the effective wavelength is always comparable with the size of the unit cell. And yet such information is necessary to determine the topology (such as the Chern number) of the band structure.
In this presentation, we address the question above by constructing an effective medium in which the Berry curvature of its band structure is strongly peaked at k=0, where k is the wavevector. [3] Since the effective medium model should describe the physical structure very well near k=0, we expect that the non-trivial band topology of the effective medium model should also manifest in the physical metamaterial systems. An example of such metamaterial is shown in Fig. 1(a) , respectively. The cylinders here are identical with relative permittivity = 20 and the relative permeability in the xy-plane given by (1, i ; -i , 1), where is assumed to be frequency independent. We derive the effective medium parameters following the procedure in Ref. [4] . Such an effective medium describes the system quite well near k=0 and predicts the existence of nontrivial band gaps.
In Fig. 1(b) , we show the projected band structure of the supercell as shown in Fig. 1(a) when the supercell forms a square lattice. The strip is truncated in the y-direction with PEC boundaries on the upper and lower sides, and is assumed to be periodic along the x direction. The structure supports a topological non-trivial band gap, and the frequency range is consistent with the effective medium model derived. Within the gap the structure supports oneway surfaces states with opposite propagation direction on the upper (blue) and lower (red) boundaries, respectively. These one-way surface states should also exists in a random system and other isotropic systems such as quasicrystals. The numerical results are shown in Figs. 1(c) and 1(d) for a random lattice and a quasicrytal lattice, respectively. The cylinders and the density of cylinders are the same as Fig. 1(a) . The minimal distances between cylinders in Fig. 1(c) are also kept to be larger than 0.8a. The lower-side of the finite system is truncated by a perfectly matched layer to absorb the wave. The remaining boundaries of the system are consisted of PEC. The wave propagates anticlockwise without being backscattered when the frequency of the source is inside the nontrivial bandgap. While here we show examples of a random lattice and a quasicrystal, similar effects of band gap and one-way edge states are also observed in other isotropic systems. From a fundamental physics perspective, the systems that we consider here may provide a platform to explore the interplay between order or disorder and topology. From an experimental perspective, creating a disordered system with non-trivial topology may relax the stringent requirements for fabricating topologically non-trivial photonic systems. The structure reported here may therefore open a route towards synthesis of topological metamaterial based on the self-assembly approach.
